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ABSTRACT

A team of contractorsincluding ENVIRON Internationa Corporation (ENVIRON) and E.H. Pechan &
Associates, Inc. (Pechan) is devel oping a state-of-the-science ammonia emission inventory for the San Joaquin
Vdley (SIV) in Cdifornia This gridded ammoniainventory will be used for data anadlyss and grid-based
aerosol modding for the Cdifornia Regiona PM,o/PM, 5 Air Qudity Study (CRPAQS). The ammonia
inventory will have 1-hour tempora resolution and 1-kilometer by 1-kilometer spatid resolution. The inventory
will be developed using the best available ammonia emissons information for the sudy domain, including
severd ongoing sudiesin Cdifornia Through incorporation of information from these and other new studies,
the project team anticipates thet the best characterization to date of important ammonia source categoriesin the
SV will be accomplished. In particular, Sgnificant improvements will be made in tempora and spatia
adlocation of emissonsfor fertilizer gpplication, livestock operations, biomass burning, and on-road mobile
sources. A thorough assessment of naturd soil/plant canopy systems will dso be made to better characterize
these emissions (i.e., whether they are sources or snksfor anmonia). The project team will adapt
ENVIRON's Globd Biogphere Emissons and Interactions System (GLOBEIS) modd to handle anmonia
emissons modding.

INTRODUCTION

CRPAQS isamulti-year program to sudy particulate matter (PM) air pollution in central Cdiforniaand
consgs of meteorologicd and ar quality monitoring, emissonsinventory development, data andysis, and air
quality modding. The primary objectives of the Sudy areto:

® provide an improved understanding of emissons and atmospheric processes that influence particle

formation and transport;

® devedop methods useful to planning agenciesin formulating and assessing candidate control srategies

for ataining the federd and state PM standards in centra California; and,

® providerdiabletoolsfor estimating the impacts of control strategies for PM on vishility, air toxics,

and acidic aerosols and on attainment strategies for other pollutants, specifically ozone.

Chemicd reactions of ammonia emissons with arborne oxides of sulfur and nitrogen produce fine
ammonium sulfate and ammonium nitrate particulate matter. These reactions, especidly those leading to
ammonium nitrate, represent a sgnificant percentage of wintertime PM,, 5 in the SIV. Thus, anmoniaplaysa
major role in determining secondary aerosol concentrations within the SIV sudy area. The modeling domain
for the study area covers much of the state (see Figure 1).

As part of the overall CRPAQS, grid-based aerosol models are to be gpplied to smulate particulate
meatter concentrationsin the SIV and to investigate the sengtivity of secondary particulate matter formation to
various parameters. A fird step in the successful gpplication of air quality models to investigate proposed
control strategiesisthe demonstration of acceptable modd performance through comparison of modeled
edimates and field study observation data. A key requirement for the credible gpplication of air quaity models



are accurate input data specifying three dimensiona meteorology and ground-level emission rate estimates.
Idedly these inputs are to be devel oped with adequate spatial and tempora resolution in order to accurately
represent the complex chemica and transport processes occurring in the atmosphere which contribute to the
formation of PM.

Thus, the development of a state-of-the-science ammonia emission inventory for the SIV study areaiisthe
subject of this project. Accurate emission inventories based on the best available ammonia emissions
information and processing methodologies will be critical in supporting numerous aspects of CRPAQS activities
over the coming years including ambient data analysis and photochemica modeling.

The primary god of the project is to develop a draft, ground-level, gridded ammonia emisson inventory for
use in data analysis and grid-based aerosol modeling for the CRPAQS. The study will place emphasis on
important sources within the SIV. The draft inventory is to be used to assess the sengtivity of aerosol model
edimates to changesin such variables as spatid and tempora resolution, and emissions magnitude for various
ammonia source categories. The ammoniainventory isto be developed a a spatid resolution of 1-km by 1-km
with atempora resolution of 1-hour. The geographic extent of the gridded inventory will cover the SIV study
area (see Figure 1), dthough where feasible, data will be collected for the entire state of Cdifornia. In addition,
another objective of the project isto develop a standard input data library and processing procedures in order
to facilitate future in-house refinements or revisons to the inventory in a programmatic way.

A secondary god of the study is the development of an ammonia-capable Gl S-based emissions modeing
system. For many ammonia emisson source categories, emission esimates are intimately linked to land
cover/land use (LULC) characterigtics and environmentd variables. Hence, an emissions modd which
combinesthe GIS data on LULC digtributions with LUL C specific emission factors to caculate gridded
emissonsin asngle processing step would beidedl. 1n addition, the increased efficiency with which the
inventory is generated within the Gl S-based emissons modd will facilitate future updates and revisons with
minima processing effort. A focus of this paper is on important SIV ammonia source categories where GIS-
based emissions modding can play an important role in improving emissons estimates and spatia and tempord
resolution.

METHODS
Source Category Prioritization

Through an extensive review of existing ammonia emisson inventories, relevant literature and data sources,
and information from ongoing studies, the most promising processing methodol ogies and data sources have
been identified for use in the development of a gridded ammonia emission inventory for the SIV study area.
Since dl of the relevant data needed to quantify the relative contribution of each source category in the
complete emission inventory has either not yet been collected or is not yet available, a source category
prioritization based on emissons magnitude is not yet possible. Table 1 summarizes the methodol ogies and
sources of emissiongactivity data, and tempora and spatia alocation proposed for important source categories
inthe SIV. Thetable entries are ordered asto reflect our understanding of the relative importance of each
source category as well asto reflect the importance of each emission source with respect to potential
improvements that may be redized.

Finaly, it should be noted that there are severa common sources of tempora and spatia alocation data
that have been used in the past for the development of emission inventories. These include the default tempora
alocation profiles used in common emission modes such as EPS2.0, EMS-95 and SMOKE, aswell asthe
standard U.S. Geologica Survey (USGS) LULC databases derived from 1:100,000 scale (~200 meter
resolution) LULC data. However, for the prioritized emission source categories presented in Table 1, we do
not believe that any of these do avery good job of alocation, and therefore aternate methods and data sources
are described in subsequent sections of this paper.



Methods for Improving Emission Estimates for Significant Source Categories

Fertilizer Applicaion

Sgnificant agriculturd activity, incdluding awide variety of crops and livestock, occursinthe SIV. The
primary objectives for this source category are to better spatialy and temporaly alocate the emissons. We are
a0 evauating new emissons data (i.e., emisson factors) asthey are made available from the Potter et d
study?, aswell as any new information found in the literature search conducted during this project. We will
default to the use of the existing emission factors?, as needed.

The primary source of information for activity data and spatia alocation will be the GIS shape files
produced by Potter et al** These data should be available in the Spring of 2001. We have developed a set of
CARB Emisson Inventory Classfication (EIC) codes specific to primary crop types. The proposed
classfication schemeis shown in Table 2.

The advantages of having the fertilizer gpplication loss emissons disaggregated as shown in Table 2
include:

1) the ahility to incorporate new emissions data (i.e., emission factors) which may be crop-specific;

2) the ahility to alocate emissons temporaly based on fertilizer application schedules, pecific to different

crop types (as described below);

3) the avallahility of crop-specific spatid coverages with the high leve of spatid resolution needed for this

study?.

Another source of information relative to both activity (mass of fertilizer applied per acre) and tempora
dlocation isastudy being conducted for the California Department of Food and Agriculture (CDFA). This
study is expected to be completed by the end of Spring 2001 and is referred to as a crop caendar for the SIV.
This study will provide information on the timings of fertilizer gpplication to mgor crop typesinthe SIV. The
Study should aso provide information on the amounts and possibly types of fertilizer gpplied.

We will evauate application schedule information from the CDFA study and other ongoing work in order
to develop tempord dlocation factors for each crop type. This information will be combined with data
collected during aliterature search to develop tempord alocation to at least the monthly level. If sufficient deta
arefound to judtify ahigher leve of tempord resolution (e.g., down to specified weeks of the year), then these
factorswill be developed.

Another source of information for both tempora and spatid dlocation will be surveys that we will conduct
to fill in any data ggps found in the information sources described above. These surveys will be conducted with
both county agricultura offices and university researchers.

The fina source of activity data are fertilizer sdes statistics from the CDFA. These are the same data used
in the exising SIV inventory (and EPA’s nationd inventory) with the emission factors from Battye et a2
Reports of fertilizer saes (over 100 tons) by county are issued twice per year. The entire dateis covered. Itis
not clear how wedll fertilizer sdes data represent actud application, however. Given the avallability of the other
data sources mentioned above that can be used to estimate fertilizer gpplication from the bottom up, the sdes
datawill likely be used to perform a quality assurance (QA) check (e.g., by comparing annua salesin the
domain to the estimated mass of fertilizer applied that was calculated from the bottom up). Potter et d
conducted such aQA check on fertilizer usagein Cdifornia. At aregiond leve (eg., the SIV), the andysis
showed good agreement (see Table 3). However, sgnificant differences exist a the county level, which
indicate that an alocation of emissons to the county level viafertilizer sales data may provide poor spatid
dlocation for use in photochemica modding.

An example GIS crop coverage isshown in Figure 2. A primary objective of this project isto incorporate
these data (from the Cdifornia Department of Water Resources) into a Gl S-based emissons modding system.
Such asystem is described later in this paper. The important issue to note hereis the significant increase in the
accuracy of spatid alocation achievable through the use of refined GIS data. Combined with the information



noted above on fertilizer application schedules by crop type and emissons data, emission estimates that with a
high spatia and tempora resolution will be developed. For comparison, in modding inventories, county-level

fertilizer application emisson estimates (based on sales data) have typicaly been dlocated to asingle land use
coverage (e.g., agricultura crops).

Aagricultural and Natura Soil/Plant Canopy Systems

The primary objective hereisto determine whether emissions from naturd soils should continue to be
included in the inventory. Secondary objectives include determining what adjustments should be made to the
emission estimating methods and tempora/spatia alocation.

It is highly uncertain whether naturd soils (treated here as a part of soil/plant canopy systems) are net
emission sources over annua time frames. Studies conducted in Europe have shown that the systems studied
can be net sources or net Snks of ammonia. Thisissue is complicated by the interactions of ammoniawithin the
soil/plant canopy system, and should not be smplified by only consdering emissons from the soil surface. For
example, depending on the system, the plant canopy can take up gaseous ammonia directly.

Given the contribution of emissons from this category, it isimportant to determine whether the state of the
science supports the modeling of various systems as net sources. For example, it could be that some systems
are sources only during certain seasons (e.g., when no plant canopy exists). Objectives of this project will be
to determine where there is sufficient weight of scientific evidence to treat a system as a net source of anmonia
and under what conditions (e.g., seasons). Table 4 presents a suggested source categorization scheme for
soil/plant canopy systems. By treating each system separately, future refinements to the inventory will be esser
to make (e.g., plugging in new emission factors, adjusting tempord alocation factors).

Biomass Burning (Prescribed Burning/Wildfires, Agricultural Burning, and Residential Burning)

Each of these categories could be significant during certain episodes (e.g., wildfires in summer, agricultura
burning in thefdl). Emissons data are lacking for anmonia from this category, which explains their abbsence
from the current SV inventory. Work done by researchersin the early 1990's on wildfires reported NH; to
NO, ratios of 5:1 using remote sensing methods®. We are assessing the available literature to determine the
feagbility of estimating ammonia emissons for the biomass burning categories with the use of emisson ratios.
Wewill dso incorporate the results of other ongoing studiesin Cdifornia, asthey are available during the study
period. These include the development of an agricultura burn permit database covering portions of the
modeing domain, a survey of residential wood burning, and a Gl S-based inventory for wildfires and prescribed
burns. The GIS crop coverages described above for fertilizer application serve as vauable input to the
development of emisson estimates for agriculturd burning.

Livestock

We will focus attention on improving the spatid and tempord alocation of livestock emissons. Inthe SV,
cattle (both dairy and beef) and poultry operations are sgnificant contributors of ammonia emissions.

One of the primary sources of information on emisson rates for dairy cattle will be an analyss performed
during the development of the South Coast Air Quality Management Didtrict’s (SCAQMD’s) anmonia
inventory*. Although this anaysis was conducted for the South Coast Air Basin (SCAB), it includes an andysis
of data from throughout California and around the world. We will consult with the Cdifornia Cettleman's
Association and the Western Dairy Association to assess any differences in management practices between
operationsin the SIV and SCAB, which could affect ammoniaemissons.

Theoreticd modds to temporaly dlocate dairy and beef cattle emissions are being reviewed. These
models use environmenta variables (e.g., temperature, wind speed, rdative humidity) to estimate hourly and



seasond emisson rates. Current inventories generdly dlocate emissons evenly throughout the day and year.
Other tempora variations may occur because of management practices regarding manure removal, feed cycles
and seasond population fluctuations.

For spatia alocation, we will pursue data from Cdifornia Cattleman's Association, Western Dairy
Association, loca Regiond Water Quality Control Boards (RWQCBS), county vector control offices and/or
county health departments, and the Department of Water Resources land use database. We will identify as
many dairy facilities, with populations, as possble, filling in data from multiple data sources, asrequired. These
facilitieswill be digtributed as point sources. If patid location datais not available from the relevant data
source it will be determined by geo-coding the facility address. We will focus on identifying the largest facilities,
epecidly large poultry facilities, in order to pinpoint the mgority of these emissons. The baance of the
livestock populations will be treated as area sources and assigned to gppropriate land use coverages.

Other Significant Categories

Additiond refinement to the SIV inventory will be made for emissions from publicly-owned trestment
works (POTWSs) and composting operations. We will identify apreliminary list of POTWsfrom the Cdifornia
State Water Resources Control Board (SWRCB) database of waste dischargers. Because past researchers
have noted that not all POTWs are listed on the SWRCB database, we will contact local sanitation digtricts
within the sudy areato identify any additiond facilities. We will survey POTWswithin the SIV to determine
the extent to which dudge drying occurs & the facilities or off-gte and to determine flow rates if not available
from the SWRCB database. Emisson rates will be assigned specific to dudge drying for those facilities where
dudge drying occurs. Emissions data for dudge drying and waste water treatment will be taken from previous
studies conducted in the SIV and SCAB. The activity data (i.e., flow rates) will be taken from the SWRCB
database or telephone survey for other facilitiesin the SIV. Facility addresses will be geo-coded and the
emissions alocated as point sources.

We have reviewed the Solid Waste Information System (SWI1S) database of the Cdifornia Integrated
Waste Management Board to determine the extent of current composting operations in the San Joaguin Valey
and throughout the State. The database includes amost 200 compogting facilities satewide. The database
does not contain the relevant activity data (amount of waste composted) to develop ammonia emissons
edimates for sgnificant portion of these facilities. We will atempt to fill the data gaps via a telephone survey
facilities within the SIV. Emisson factors developed for the SCAQMD from source tests of fecilities
composting severd different waste types will be used to estimate emissons®.

Composting emissons will be dlocated as point sources based on the |atitude/longitude information from
the SWIS database. Known emissons information from composting operationsis insufficient to develop a
temporal profile for this source category.

Ammonia Emissions Model Development

The need for a separate area source emissions mode depends upon the amount of detall to be included in
the emission rdationships. In the smple case where anmonia emissions are estimated from land area multiplied
by an emission factor, there is no need for a separate modd because: (1) the calculation is Smple to accomplish
within the GIS (eg., ARC/Info); and (2) since there are no day specific effects on emissionsthe calculation
need only be performed once.

This smple approach neglects environmenta impacts (e.g., temperature dependence, seasond
dependence) on ammoniaemissions. Incorporating environmental effectsis a superior approach provided that
information on environmentd effectsisavailable. Oneresult islikely to be aneed to prepare day specific
inventories (Smilar to biogenic emissons modeling) which means that the emissions calculation must be
repeated severd times and efficiency becomesimportant. This suggests a different calculation gpproach, smilar



to that used in biogenic emissions preparation. Under this gpproach, the landcover data are pre-processed
using GISinto a gridded landcover database. This operation need only be performed once. An emissons
model then combines the gridded landcover data with the emission factors and makes adjustments to account
for environmental effects. There are severd advantages to this agpproach:

® Improved efficiency because the landcover data are gridded only once;

e Improved efficiency because emissons cadculations are performed at the resolution of the modeling

grid, which is generaly lower than the resolution of the raw landcover data; and

® Improved usahility because the emissions modeling step is separated from the GIS processing,

therefore expensive GIS software is not required to prepare new emission inventories.

A prototype emissons modding system of this type dready existsin the GLOBEIS modd. GLOBEIS,
the Globa Biosphere Emissons and Interactions System, was devel oped for modeling biogenic VOC and NO,
emissons, but dso includes ammonia. The ammonia emisson agorithmsin the current verson of GLOBEIS
are very smple and so improvements will be required for this sudy. The development of GLOBEIS is
described in Yarwood et a°. The GLOBEIS modé runs under Microsoft Access® on Windows based
personad computers. The main input data for GLOBEIS are:

® GlSdataon gridded LULC didtributions,

® Pant species digtributions for each LULC category (internd datatable);

® Emisson factors by plant species (internd datatable);

®  Gridded environmenta data (temperature, solar radiation or cloud cover); and

®  Seasond biomass adjustments (satellite data based).

Data processing tasks for GLOBEIS have been divided to make the best use of the capabiilities of GIS
and database software tools. The LULC datafor GLOBEIS are prepared using Gl S tools such as ARC/Info
or ARCView. Thisdata preparation step is a straightforward application for the GIS software. The emission
caculations are parformed in GLOBEIS, which is based on the Microsoft Access® database, because this step
is essentidly a data synthesis and cross-referencing gpplication and iswell suited to a modern database
program like Access®. The reporting capabilities available within Access dso provide strong QA/QC
capabilities to be built into GLOBEIS. The system is easy to maintain and upgrade becauseit is based on
widely used software tools.

A dgnificant advantage of GLOBEIS is the ease with which an emisson inventory can be regenerated with
dternate assumptions. For example, dl of the emission factor data are readily ble in datatables within
the modd, so an aternate emission factor can be used and the inventory regenerated in asingle step.

The output from GLOBEIS includes a gridded, tempordly alocated, speciated emissonsfile ready for use
in photochemicd modding. An example emisson inventory for the Houston areais shown in Figure 3. This
figure demondtrates the ability of a GIS based system (like GLOBEIS) to accurately resolve areas of high and
low emissions density without introducing artifacts related to geopolitical boundaries.

GLOBEIS was designed as a biogenic emissions processing system but support for ammoniawas built into
the modd. Severd smpleimprovementsto GLOBEIS are anticipated to dlow maximum use of available
ammonia emissons information and improve the efficiency of the system for processng anmonia emissons.

®  Switch to turn off the biogenic emissons cdculations if they are not being used. Thiswould reduce

unnecessary computational and data requirements;

® Add the ability to specify seasond and tempora profiles by source category; and

® Add environmenta relationships between ammonia emission factor and environmenta factors (eg.,

dependence on temperature) to provide day specific emissons. Thiswould be andogous to the
current built-in emission relationships between isoprene emission factors and sunlight/temperature.
GLOBEIS dready reads gridded hourly temperature and radiation data, and other environmental
datainputs can be added if needed.

RESULTS



Thiswork is currently ongoing. The draft ammoniainventory is scheduled to be completed by March of
2002. Datato be used in developing the inventory is scheduled to be completed by September of 2001.

CONCLUSIONS

Although it istoo early to draw conclusons for this ongoing study, we anticipate that the results of the
work will be the most highly-resolved ammoniainventory produced for regiona PM moddling. For others
interested in developing ammoniainventories for regiona modeling purposes, we suggest the adoption of smilar
gpproaches to those described above. In particular, for areas where high contributions of ammoniaemissons
come from agricultura crops, identification or development of detailed GIS crop coveragesis extremey
important. Not only do these GIS data serve as a basis for the refinement of ammonia emissons for fertilizer
gpplication, but dso ammonia emissons from crop soil/plant canopy systems, ammonia and other pollutant
emissions from agricultural burning, biogenic VOC emissions, and PM emissions from agriculturd tilling and
harvesting practices.
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Table 1. Important source categories and associated inventory parameters being revised in this project.

the inventory.

Source Category Emissions/Activity Temporal Allocation Spatial Allocation
Fertilizer Application Incorporate new emissions data from recent studiesin Monthly — viaincorporation of crop Allocate to specific crop coverages
the SJV. Use detailed crop land cover datato scale up calendars developed for the SIV. developed for the SIV.

Livestock

Emissions data from recent studiesin the SJvV and
South Coast Air Basin. For cattle, incorporate
methods to differentiate confined and unconfined
operations.

Activity datafrom Calif. Cattlemens Assoc., Western
Dairymans Assoc., USDA; Regional Water Quality
Control Boards; American Horse Council Foundation

Diurnal based on Wilkinson et a. and
James et a. Seasonally - as data exist
to support to these factors.

Geocode large confined operations
(dairies, feedlots, poultry operations).
Remaining populations to existing
LU/LC data.

Natural Soilg/Plant Canopies

Primary objective is to determine whether the existing
scientific evidence supports the use of the existing
emission factors.

Seasonally - as data exist to support
these factors.

To existing land use/land cover data (e.g.,
DWR, USGS).

Agricultural Burning

Use emission ratios of NH; to either NO, or CO from
biomass burning studies in Europe and the U.S.
Activity datafrom recent surveys of local agricultural
extension offices.

Monthly — using the activity calendar
developed by Fife and/or the Team.

Allocate using the same shape crop
coverages developed above for fertilizer
application.

Prescribed Burning/Wildfires

Use biomass burning emission ratios as mentioned
above for agricultural burning. Activity data from the
U.S.F.S. and CA state agencies.

Monthly - as data exist to support
these factors.

Coverages developed from CDFFP and
NIFC data

Residential Burning

Estimates based on EPA’ s EI P aternative methods
using data from Energy Information Administration’s
State Energy Data Report and Residential Energy
Consumption Survey; other source to be determined
through further literature reviews

Seasonally - as data exist to support
these factors.

Residential land use/land cover and
Census data

On-Road Mobile Sources

Apply aratio of NH; emissions to direct PM
emissionsin agridded inventory for the study area.
Update the emissions to calendar year 2000, as needed
with VMT growth factors.

Allocate based on the underlying
gridded mobile source inventory (e.g.,
CCOS).

Allocated base on the underlying gridded
mobile source inventory (e.g., CCOS).

Industrial sources

Emission factor data developed for SCAQMD by
ATC; Activity datafrom major ammonia suppliersin
the state.

Existing default temporal allocation
for industrial sources.

Zip Code coverages

database, if available; emission factors devel oped for
SCAQMD inventory.

for industrial sources.

Sewage Treatment Plants Emission and activity datafrom SWRCB database; Existing default temporal allocation Point
local surveys of POTWs. for industrial sources.
Composting Emissions data from Solid Waste Information System Existing default temporal allocation Point




Table 2. Suggested emisson inventory codes (EIC) for fertilizer application.

EIC Description’ EIC
Existing Code
Misc. Agricultural Losses 420-418-6000-0000
Proposed Codes
Fertilization Losses— Grain and Hay 420-418-6001-0001
Fertilization Losses— Truck Crops 420-418-6001-0002
Fertilization Losses— Citrus 420-418-6001-0003
Fertilization Losses— Rice 420-418-6001-0004
Fertilization Losses — Pasture 420-418-6001-0005
Fertilization Losses— Vineyards 420-418-6001-0006
Fertilization Losses — Deciduous Fruit and Nuts 420-418-6001-0007
Fertilization Losses — Field Crops 420-418-6001-0008

! Crop names and number of categories taken from Potter et d.*

Table 3. Comparison of county-leve fertilizer usage based on saes data versus a bottom-up agpproach.

Fertilizer Usage (metric tons) % Difference

County CDFA Sales (1999)  Bottom-up Method
San Joaquin 77,701 25,360 67
Stanidaus 16,169 15,233 6
Madera 4,540 10,835 -139
Merced 17,008 22,782 -34
Fresno 47,546 60,625 -28
Kern 41,296 41,108 0
King 22,983 26,420 -15
Tulare 20,144 31,877 -58

San Joaquin Valley Total 247,386 234,240 5

Source - preliminary draft information from Potter et d.*



Table 4. Suggested source classification for soil/plant canopy systems.

EIC Description'

EIC

Existing Codes

Agriculturd Biogenics—Day Time
Agriculturd Biogenics— Night Time
Non-Agricultura Biogenics— Vegetative

910-910-0250-0001
910-910-0250-0002
910-912-0250-0000

Proposed Codes

Soil/Plant Canopy Systems— Cropland and Semi-Agricultural Land
Soil/Plant Canopy Systems — Evergreen Needleleaf Forest
Soil/Plant Canopy Systems — Mixed Forest

Soil/Plant Canopy Systems — Open Shrubland and Desert
Soil/Plant Canopy Systems — Grasdand

Soil/Plant Canopy Systems — Bare Soil

Soil/Plant Canopy Systems — Deciduous Broadleaf Forest
Soil/Plant Canopy Systems — Woodlands’'Wooded Grassdands

910-910-0250-0010
910-912-0250-0010
910-912-0250-0011
910-912-0250-0012
910-912-0250-0013
910-912-0250-0014
910-912-0250-0015
910-912-0250-0016

1 System names and number of categories taken from Potter et d.*



Figure 1. The CRPAQS modeing domain.
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Figure 2. Crop coverages for Kern County from the California Department of Water Resources.
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Figure 3. Isoprene emisson inventory for the Houston area prepared with GLOBEIS.

Biogenic isoprene emissions from GLOBEIS
Constant temperature of 30 C

I 1200

300

0 s
Moles/Hr 1 131

FavE 12:00:00

MR Min= 0 at (1,1), Max=1264 at (70,61)




